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CLAIMS 

What is claimed: 

1. A computer system, comprising: 

a microelectronic die having an integrated circuit formed therein; 

a thermoelectric module thermally coupled to the microelectronic die so as to 
pump heat from the microelectronic die when current is provided to the 
thermoelectric module; 

a cold-side temperature sensor at one side of the thermoelectric module; and 

a controller connected to the temperature sensor to receive an indication of 
temperature at the temperature sensor as an input into the controller, the controller 
controlling the current provided to the thermoelectric module based on the input. 

2. The computer system of claim 1, further comprising: 

a vapor chamber between the microelectronic die and the thermoelectric 
module; and 

a fluid in the vapor chamber, the fluid being evaporated when heat transfers 
thereto from the microelectronic die and condensing when heat transfers therefrom 
to the thermoelectric module. 

■ 

3. The computer system of claim 2, wherein the cold-side temperature sensor is 
between the vapor chamber and thermoelectric components of the thermoelectric 
module. 
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4. The computer system of claim 2, further comprising: 

a hot plate thermally coupled to the thermoelectric module, with the 
thermoelectric module between the microelectronic die and the hot plate; and 

a hot-side temperature sensor on a side of the thermoelectric module of the hot 
plate and opposing the microelectronic chip, the controller being connected to the 
hot-side temperature sensor to receive an indication of temperature at the hot-side 
temperature sensor, the controller controlling current provided to the thermoelectric 
module based on an input from the hot-side temperature sensor. 

5. The computer system of claim 2, further comprising: 

a junction temperature sensor within the microelectronic die, the controller 
being connected to the junction temperature sensor to receive an indication of 
temperature at the junction temperature sensor, the controller controlling current 
provided to the thermoelectric module based on an input from the junction 
temperature sensor. 

6. The computer system of claim 5, further comprising: 

an ambient temperature sensor detecting ambient temperature of air distant 
from the microelectronic die and the thermoelectric module, the controller being 
connected to the ambient temperature sensor to receive an indication of temperature 
at the ambient temperature sensor, the controller controlling current provided to the 

» 
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thermoelectric module based on an input from the ambient temperature sensor. 

7. The computer system of claim 6, further comprising: 

an ambient moisture sensor detecting ambient moisture of air distant from the 

microelectronic die and the thermoelectric module, the controller being connected to 

*» 

the ambient moisture sensor to receive an indication of moisture at the ambient 
moisture sensor, the controller controlling current provided to the thermoelectric 
module based on an input from the ambient moisture sensor. 

8. The computer system of claim 2, further comprising: 

an ambient temperature sensor detecting ambient temperature of air distant 
from the microelectronic die and the thermoelectric module, the controller being 
connected to the ambient temperature sensor to receive an indication of temperature 
at the ambient temperature sensor, the controller controlling current provided to the 
thermoelectric module based on an input from the ambient temperature sensor. 

9. The computer system of claim 1, further comprising: 

an ambient temperature sensor detecting ambient temperature of air distant 
from the microelectronic die and the thermoelectric module, the controller being 
connected to the ambient temperature sensor to receive an indication of temperature 
at the ambient temperature sensor, the controller controlling current provided to the 
thermoelectric module based on an input from the ambient temperature sensor. 
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10. The computer system of claim 6, further comprising: 
a fan; and 

a motor coupled to the fan to rotate the fan so that the fan cools the 
microelectronic die when power is provided to the motor, the controller controlling 
power provided to the motor such that power to the thermoelectric module is limited 
and fan speed is accelerated when power to the thermoelectric module reaches a 

* * 

predetermined maximum value. 

• 4 

11. The computer system of claim 4, further comprising: 
a fan; and 

» 

a motor coupled to the fan to rotate the fan so that the fan cools the 
microelectronic die when power is provided to the motor, the controller controlling 
power provided to the motor such that power to the thermoelectric module is limited 
and fan speed is accelerated when power to the thermoelectric module reaches a 
predetermined maximum value. 

12. The computer system of claim 2, further comprising: 
a fan; and 

a motor coupled to the fan to rotate the fan so that the fan cools the 
microelectronic die when power is provided to the motor, the controller controlling 
power provided to the motor such that power to the thermoelectric module is limited 
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and fan speed is accelerated when power to the thermoelectric module reaches a 
predetermined maximum value. 

13. The computer system of claim 1, further comprising: 
a fan; and 

a motor coupled to the fan to rotate the fan so that the fan cools the 
microelectronic die when power is provided to the motor, the controller controlling 
power provided to the motor such that power to the thermoelectric module is limited 
and fan speed is accelerated when power to the thermoelectric module reaches a 
predetermined maximum value. 

T 

14. The computer system of claim 1, wherein the integrated circuit is a circuit of a 
processor, further comprising a memory and an input/ output device connected to 
the processor. 

15. A computer system, comprising: 

a microelectronic die having an integrated circuit formed therein; 

a thermoelectric module thermally coupled to the microelectronic die so as to 
pump heat from the microelectronic die when current is provided to the 
thermoelectric module; 

a hot plate thermally coupled to the thermoelectric module with the 
thermoelectric module between the microelectronic die and the hot plate; 

* 
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a hot-side temperature sensor on a side of the thermoelectric module of the hot 
plate; and 

a controller connected to the hot-side temperature sensor to receive an 
indication of temperature at the hot-side temperature sensor as an input into the 
controller, the controller controlling the current provided to the thermoelectric 
modules based on the input. 

16. The computer system of claim 15, further comprising: 

a vapor chamber between the microelectronic die and the thermoelectric 
module; and 

a fluid in the vapor chamber, the fluid being evaporated when heat transfers 
thereto from the microelectronic die and condensing when heat transfers therefrom 
to the thermoelectric module. 

17. The computer system of claim 16, further comprising: 

a cold-side temperature sensor between the vapor chamber and the 
thermoelectric module, the controller being connected to the cold-side temperature 
sensor and controlling current provided to the thermoelectric module based on an 
input from the cold-side temperature sensor. 

18. A computer system, comprising: 

a microelectronic die having an integrated circuit formed therein; 
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a thermoelectric module thermally coupled to the microelectronic die so as to 
pump heat from the microelectronic die when current is provided to the 
thermoelectric module; and 

an ambient temperature sensor detecting an ambient temperature of air distant 
from the microelectronic die and the thermoelectric module; 

a controller connected to the temperature sensor to receive an indication of the 
ambient temperature of the temperature sensor as an input into the controller, the 
controller controlling the current provided to the thermoelectric module based on the 
input. 

19. The computer system of claim 18, further comprising: 

a vapor chamber between the microelectronic die and the thermoelectric 
module; and 

a fluid in the vapor chamber, the fluid being evaporated when heat transfers 
thereto from the microelectronic die and condensing when heat transfers therefrom 
to the thermoelectric module. 

20. The computer system of claim 19, further comprising: 

a cold-side temperature sensor between the vapor chamber and the 
thermoelectric module, the controller being connected to the cold-side temperature 
sensor and controlling current provided to the thermoelectric module based on an 
input from the cold-side temperature sensor. 
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21 . A computer system, comprising: 

a microelectronic die having an integrated circuit formed therein; 

a thermoelectric module thermally coupled to the microelectronic die so as to 

1 r 

pump heat from the microelectronic die when power is provided to the 
thermoelectric module; 
a fan; 

a motor coupled to the fan to rotate the fan, so that the fan cools the 
microelectronic die; 

an input device; and 

a controller connected to the input device to receive a variable from the detector 
as an input into the controller; the controller controlling the power provided to the 
thermoelectric module and to the motor based on the input, such that power to the 
thermoelectric module is limited and fan speed is accelerated when power to the 
thermoelectric module reaches a predetermined maximum value. 

22. The computer system of claim 21, further comprising: 

a vapor chamber between the microelectronic die and the thermoelectric 

V 

module; and 

a fluid in the vapor chamber, the fluid being evaporated when heat transfers 
thereto from the microelectronic die and condensing when heat transfers therefrom 
to the thermoelectric module. 
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23. The computer system of claim 22, further comprising: 

a cold-side temperature sensor between the vapor chamber and the 
thermoelectric module, the controller being connected to the cold-side temperature 
sensor and controlling current provided to the thermoelectric module: based on an 
input from the cold-side temperature sensor. 

24. A method, comprising: 

operating an integrated circuit in a microelectronic die so that the 
microelectronic die generates heat; 

providing current to a thermoelectric module so that the thermoelectric module 
pumps the heat from the microelectronic die; and 

controlling the current based on an input from at least one of the following: 

(i) a cold-side temperature sensor between the microelectronic die and the 
thermoelectric module; 

(ii) a hot-side temperature sensor on a side of the thermoelectric module 
opposing the microelectronic die; 

* 

(in) an ambient temperature sensor detecting ambient temperature of air 
distant from the microelectronic die and the thermoelectric module; and 
(iv) the current provided to the thermoelectric module. 

* 

25. The method of claim 24, further comprising: 
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transferring the heat from the microelectronic die to a fluid in a vapor chamber 

» 

so that the vapor evaporates; and 

transferring the heat from the fluid to the thermoelectric module so that the 
fluid condenses. ' 

26. The method of claim 25, wherein the current is controlled based on (i), the cold- 
side temperature sensor being located between the vapor chamber and the. 
thermoelectric module. .> 

27. The method of claim 24, wherein the current is controlled based on (ii), the hot- 
side temperature sensor being located between the thermoelectric module and fins of 
a heat sink to which the heat conducts from the thermoelectric module. 

■ 
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28. The method of claim 24, wherein the current is controlled based on (iii), the hot- 
side temperature sensor being located between the thermoelectric module and fins of 
a heat sink to which the heat conducts from the thermoelectric module. 

29. The method of claim 24, wherein the current is controlled based on (iv), the 

: ■ . 

current being limited and a fan cooling the microelectronic die being accelerated 
when the current reaches a predetermined maximum value. 

^ ■ 

30. The method of claim 24, wherein the current is controlled based on more than 
one of (i), (ii), (iii), and (iv). 
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